)-1b b, IL-6, tumor necrosis factor (TNF) a a, Fas ligand, interferon regulatory factor (IRF)-1, interferon (IFN) a a and IFN b b increased as compared with those in mock treatment cells, and the induction of mRNAs for double stranded RNA dependent protein kinase (PKR), indolamine 2,3-deoxygenase (IDO) and 2-5 oligoadenylate synthetase (2-5 OAS) were indicated, which had a role for a host defense response induced by IFN-b b. The amount of IFN-b b protein increased by IV-infection, and DNA fragmentation was inhibited with anti-IFN-b b antibody and PKR inhibitor (2-aminopurine). Furthermore, a synthetic double stranded RNA, poly I : C, could induce almost the same phenomena as that induced by virus infection. We conclude that IV-infection induces the apoptosis in HCF cells through the IFN-b b expression regulated by double stranded RNA and IRF-1 induction, and suggest that the IFN-b b induction may be the predominant contribution to the IV infection induced HCF apoptosis.
We have already reported that influenza virus type A infection induces apoptosis in primary cultured chorion trophoblast cells prepared from human fetal membrane but not in amnion epithelial cells. 1) Chorion trophoblast cells expressed significantly amounts of inflammatory cytokine gene mRNAs in response to IV infection, such as interleukin (IL)-1b, IL-6, tumor necrosis factor (TNF)-a, interferon (IFN)-b, IFN-g, granulocyte macrophage colony-stimulating factor (GM-CSF) and Fas antigen, however, these cytokines production was not directly related to the apoptosis induction. 2) Thus, we speculate that the expression of these inflammatory cytokines may be related to set up the antiviral response system in the maternal body.
In the obstetrics and gynecology fields, influenza virus infection has been implicated as the cause of a number of pregnancy complications, including spontaneous abortion, which occurs in 10-30% of all pregnancies. 3) Transplacental influenza virus infection of the fetus was confirmed by the presence of the influenza virus and its antibodies in the maternal body, amniotic fluid and cord sera. The examination indicated that a self-limited viral infection may put mother and fetus at risk for potentially harmful untimely delivery. 4, 5) Epidemiological investigation supports the hypothesis that influenza A virus infections may have adverse influences on fetal survival, be the causes of abortion and stillbirth. 6) We have reported that a spontaneous disruption of human fetal membrane tissues is closely related to these tissue cell apoptosis induced at the term of gestation through intracellular oxidative stress production, and that the unusual apoptotic induction during pregnancy may attribute to the abortion or stillbirth. 7) Therefore, we assume that the abortive disruption of the fetal membrane tissues associated with influenza virus infection may be due to an apoptosis induced by the infection. However, any influences of influenza virus infection on a maternal body and on the pregnancy retaining are still unknown. As we demonstrated that the IV-infection induced apoptotic phenomena were associated with viral macromolecular synthesis in host cells, 8) and that a viral constituent, a hemagglutinin resulted in the induction of apoptosis in fetal cells through an oxidative stress production, 9) we investigated the molecular mechanism of the apoptotic induction in human uterine cell line, HCF, caused by influenza virus type A (IV-A) or type B (IV-B) infection for studying apoptotic effect of the infection in maternal body and some roles of the apoptosis induction in its defense mechanism.
In this paper, we report that HCF is induced to undergo apoptosis by infection with IV-A or IV-B through IFN-b expression and the gene induction stimulated with IFN-b. We will discuss some role of the apoptosis induction in the defense mechanism for viral infection in host cells.
MATERIALS AND METHODS

Materials
Fetal calf serum was purchased from Bioproducs (Walkersville, MD, U.S.A.). All other materials used for cell culture were purchased from GIBCO BRL (Grand Island, NY, U.S.A.). The primers for the RT-PCR method were purchased from Amersham Pharmacia Biotech (Tokyo, Japan). Anti-IFN b was purchased from Yamasa Corp., (Chiba, Japan), and the antibody solution at a dilution of 1 : 3000 of the original solution showed the ability to neutralize 10 units of human IFN-b titrated by the reduction of CPE caused in FL cells by vasicular stomatitis virus, in its description. Anti-Fas and anti-TNFa were purchased from MBL (Nagoya, Japan) and Genzyme (MA, U.S.A.), respectively.
Influenza Virus Each IV type A (PR/8/34) and type B (Bangkok/163/90) was propagated in the allantoic cavity of embryonic chicken eggs as described previously. 1) The chorioallantoic fluid contained 8ϫ10 8 plaque-forming units (PFU)/ml of both type of viruses and the hemagglutination titer of both virus solutions using 1% chicken erythrocytes in PBS solution was 1/256. Cell Culture and Virus Infection Human uterine cervical fibroblast (HCF) cells were cultivated on 21 cm 2 dishes at 1.5ϫ10 6 cells/dish in 5 ml of MEM containing penicillin, streptomycin and 10% fetal bovine serum. Confluent monolayer cells were washed with Hanks' PBS solution. Chorioallantoic fluid containing IV was diluted with a serum free medium, and 0.04 ml/cm 2 of the diluted solution was added to the cells and incubated for 1 h at 37°C with gentry swinging every 15 min. Incubation without virus was referred to as mock-infection. Cells after infection or mock-infection were washed with Hanks' PBS and cultured for appropriate periods.
Cell Viability Assay and Lactate Dehydrogenase (LDH) Assay Cell viability was measured by a trypan-blue dye exclusion assay using Trypan blue stain 0.4% (GIBCOBRL). Lactate dehydrogenase activity in spent medium was measured using the LDH-Cytotoxic Test Wako kit according to the method described previously. 1) Preparation of DNA from Cultivated Cells and Agarose Gel Electrophoresis Preparation of DNA from cultured cells and agarose gel electrophoresis were carried out according to the method previously reported. 7) About 20 mg of DNA, calculated by absorption units at 260 nm, were loaded on to 2% agarose gel electrophoresis. Gels were stained with ethidium bromide (Sigma Chemical Co.) and viewed under UV light. The amount of fragmented DNA was determined by the method of Ohyama et al. 10) Nuclear Staining with Hoechst 33342 Cells cultivated on a cover-slip glass were washed three times with PBS, and incubated in 2% paraformaldehyde-0.1 M sodium phosphate buffer (pH 7.4) solution for 16 h at 4°C. Washed three times with PBS, cells were stained with 0.2 mM Hoechst 33342 (Calbiochem) solution for 20 s at room temperature.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR) RT-PCR technique and specific primers have been reported previously. 11) Enzyme Linked Immunosorbent Assay (ELISA) for TNF-a a and IFN-b b Concentration of TNF-a and IFN-b in culture supernatants was determined by the method previously described, using commercially available human TNF-a and IFN-b ELISA kits (Pharmingen, CA, U.S.A. and Fujirebio, Inc., Tokyo, Japan, respectively) according to the supplied instructions. 1) Western Blotting Analysis For western blotting analysis, cell pellet (1-2ϫ10 6 cells) was dissolved in 100 ml of Laemmli buffer. 12) Dissolved cell homogenate was boiled in a water bath for 5 min, and then centrifuged at 13000ϫg for 15 min at 4°C. Protein concentration of the supernatant was determined according to Bradford's method using the protein assay dye reagent (Bio-Rad Laboratories Ltd.) and bovine serum albumin as a standard. 13) SDS-PAGE was performed with 12% SDS-polyacrylamide gel under the reducing condition. 12) Transfer of protein bands on gel to nitrocellulose membrane and detection of the specific band with anti-body were performed accordingly to the previous method. 7) Virus HCF cells were cultivated to 1.5ϫ10 6 cells per dish (at the stationary phase of cell growth) and infected with IVtype A (IV-A) or -type B (IV-B) at moi (multiplicity of infection) 10-20. To investigate viral infection achievement, cell damage was examined by measurements of the cell viability and the lactate dehydrogenase (LDH) activity leaked from cells into the medium.
RESULTS
Apoptotic Cell Death of HCF Infected with Influenza
As shown in Fig. 1A , the cell viability at 48 h after IV-A infection decreased to about 45% of the mock-infected cell viability. The reduced viability level using IV-A was almost the same as that with IV-B. LDH activity leaked from infected cells into spent medium increased from 24 to 48 h after infection ( Fig. 1B) . Agarose gel electrophoresis of IVinfected HCF cell DNA is shown in Fig. 1C . DNA fragmen-tation was not observed in mock-infected cells, however that in IV-A or -B infected HCF could be recognized at 24 h after infection and clearly detected at 48 h. The DNA fragmentation rate was revealed at about 50-55% at 48 h, calculated from Fig. 1C . Furthermore, we examined a nuclear morphology of IV-infected HCF using Hoechst 33342 dye staining. It was revealed in IV-A infected HCF that nuclear condensation was shown at 24 h after infection (Figs. 2C, E) and granular bodies formed at 48 h (Figs. 2D, F). Dye staining of IV-B infected HCF showed that a few nuclear granule forms were observed at 24 h after infection and the nucleus was turned into a granule form. These results indicate that HCF cells die from IV-A or IV-B infection through apoptosis.
Expression of Apoptosis Related Gene mRNA We ex- amined the expression of 26 types of apoptosis related gene mRNAs with the RT-PCR technique, including tumor necrosis factor (TNF)-a, TNF receptor (TNFR)1, TNFR2, Fas ligand (L), Fas antigen, double stranded RNA activated protein kinase (PKR), interleukin (IL)-1b, IL-6, interferon regulatory factor (IRF)-1, IRF-2, indoleamine 2,3-dioxygenase (IDO), 2Ј-5Ј oligoadenylate synthetase (2-5 OAS), nuclear factor (NF)-kB, interferon (IFN)-a, IFN-b, IFN-g and caspases (Cas) 1-10. The G3PDH (a housekeeping enzyme) gene mRNA expressed constitutively during the experimental period ( Fig. 3 ). Under this condition, we observed that mRNA expression of TNFR1, TNFR2, Fas antigen, IRF-2, NF-kB, IFN-g and Cases 1-10 genes of IV-infected HCF cells during the infection period, was at almost the same level as those of mock-infected cells (data not shown). The expression level of TNF-a, FasL, IL-1b, IL-6, IRF-1, IFN-a and IFN-b gene mRNAs increased during incubation as compared with those in mock-infected cells. Expression of PKR, IDO and 2-5 OAS gene mRNAs was hardly detected in mock-infected cells, but was clearly detected and increased in IV-infected cells depending on infection period. The expression level of these gene mRNAs by IV-A infection was almost the same level as those with IV-B infection. Every caspase gene (Cas-1-Cas-10) mRNAs were found constitutively in mock-and IV-infected HCF cells, and changes in these expressions were not revealed (data not shown).
Induction of IFN-b b Protein by IV Infection and Its Contribution to Apoptosis Induction
Next, we investigated the contribution of TNFa · Fas (Fas antigen) and IFN-b to the induction of apoptosis by IV-infection. We obtained the results that the proteins of TNF-a and Fas could be detected by ELISA and FACS method, respectively, however, both anti-TNFa and Fas antibodies could not inhibit the IVinduced HCF apoptosis (data not shown). On the other hand, the IFN-b concentration in spent medium estimated by ELISA technique, increased till 24-48 h after infection, while that of mock-infected cells could hardly be detected during this period (Fig. 4A ). As shown in Fig. 4B , addition of anti-IFN-b antibody reduced DNA fragmentation depending to the antibody dose. While the fragmentation ratio was about 40% of both IV-A and IV-B infected cells without antibody, the respective ratio decreased significantly (p values are less than 0.002) to about 20% in the presence of the antibody (1 : 20 dilution).
It is shown in Fig. 5A that the alteration of PKR protein did not shown in mock-treated HCF cells by western blotting method, and that IV-infected cells PKR protein increased from 24 h after infection to about 5-6 times more than that in mock-treated cells. An addition of 2-aminopurine (2-AP), which was a general protein kinase inhibitor, suppressed IVinfection induced DNA fragmentation depending on its dose (p value is less than 0.001 at 5 mM 2-AP), as shown in Fig.  5B .
Synthetic Double Stranded RNA, Poly I : Poly C (Poly I : C) Has the Same Effects as That in IV-Infected HCF Cells
For examination of the possibility that HCF cell apoptosis by IV-infection may be preceded by IFN-b and PKR expressions accompanied by OAS and/or IDO having roles for the host defense system, we investigated synthetic dsRNA (Poly I : C) for the apoptotic inducibility. As shown in Fig. 6 , the treatment of HCF cells for 24 h with poly-I : C under the presence of DEAE-dextran (30 mg/ml) induced DNA fragmentation, and the fragmentation rates were about 22% and 42% with 5 mM and 25 mM of Poly I : C, respectively. IFN-b by itself also induced DNA fragmentation in HCF cells, but the induction level was lower than that by poly-I : C, and the highest fragmentation rate was about 19% at 200 IU/ml of IFN-b. The results show that the existence of poly-I : C significantly enhanced the DNA fragmentation induced by 200 IU/ml INF-b (p value is less than 0.001) but INF-b slightly enhanced the induction level of the fragmentation by poly-I : C (p values at 5 and 25 mg/ml poly I : C are 0.014 and 0.042, respectively).
PKR, IFN-b, IDO and 2Ј-5Ј OAS gene mRNA expressions with 25 mg/ml of Poly I : C, and IFN-b production with 5 or 25 mg/ml of Poly I : C were analyzed by RT-PCR and ELISA, respectively. As shown in Fig. 7A , the expression of PKR and INF-b gene mRNAs was indicated at 4 h after treatment, and then IDO and 2Ј-5Ј OAS gene mRNAs expressed at 8-24 h. IFN-b production could be detected at 24 h and significantly increased at 48 h after treatment (Fig. 7B) . These results show that the phenomena for INF-b gene mRNA expression and its production are very similar to those of IV-in- fected HCF cells.
DISCUSSION
We observed a decrease in the viable cell population, an increase in LDH activity leaked from cells (Fig. 1) , DNA fragmentation ( Fig. 2A) , and chromatin condensation and granulation (Fig. 2B ) in IV-A or -B infected HCF cells. However, these phenomena could not be detected in the mock-infected HCF cells. LDH leaking from IV-infected cells represents the cell death, 11) and cell nuclei condensation, positive staining with the TUNEL technique 14) and DNA laddering 15) are well-known characteristics of apoptotic cell death. These findings indicate that IV-infection induces cell death in HCF cells through apoptosis.
We investigated the molecular mechanism of apoptotic induction in HCF by IV-infection and showed that the expression of IFN-b protein as well as its gene mRNA significantly increased during infection, and that a monoclonal anti-IFN-b antibody inhibited the apoptosis (Fig. 4 ). Our results also show that the expression of IFN-b by IV-infection in HCF was accompanied by the expression of IRF-1, 2-5 OAS and IDO mRNAs, and PKR protein. The IRF-1 mRNA expression is followed by IFN-b mRNA, and IFN-b mRNA expression is almost the same time as that of PKR mRNA (Fig. 3) . The PKR protein expression is later than that of IFN-b protein (Figs. 4, 5) . The apoptotic inducing effect of synthetic dsRNA (poly I : C) is significantly lager than those of the exogenous IFN-b, as well as the synergetic apoptosis inducing effect (Fig. 6) . These results indicate that IFN-b plays an important role in the induction of apoptosis in HCF cells, and that the expression order of these factors during the HCF apoptosis induction by IV-infection is as follows; the viral dsRNA transcription, IRF-1, IFN-b, and then PKR, as shown in Fig. 8 .
Our suggestion for HCF apoptosis is in agreement with the previous reports that IFN-b may have a direct and central role for the apoptotic induction in viral infected cells, [16] [17] [18] that IRF-1 gene is activated by IV infection followed by the activation of IFN genes, 19) and that an apoptosis induced by IFN-b is mediated with IRF-1, 20) which was activated by dsRNA. 21) Our result showed that IFN-a gene was expressed in mock treated HCF cells and the expression in IV infected cells did not alter during infection, and that IFN-g gene mRNA could hardly detect in infected cells in our experimental condition. Thus, IRF-1 production may be stimulated by IV-dsRNA in IV-infected HCF cells, and then regulates IFN-b production.
We also indicated that the expression of 2-5 OAS mRNA in time course of the infection was earlier than that of IDO mRNA, and the expression was later than that of IFN-b mRNA (Fig. 3) . It has been shown that PKR is an interferoninducible serine/threonine-specific protein kinase, and activated by dsRNA through a mechanism involving auto-phosphorylation, 22) and that PKR is an essential component of the innate immunity that acts early in host cell defense by pre- venting viral replication by inhibiting viral mRNA translation of elF2a phosphorylation prior to the onset of IFN counter action and acquired immune response. 23) The 2-5 OAS is also activated by dsRNA and produces 2Ј-5Ј oligoadenylate (2-5 A) as a product, which is an essential substance for anti-viral activity 24) and induces apoptosis by activating ribonuclease L. 25) It has been reported that IDO induced with IFN-g is responsible for conversing tryptophan and other indol derivatives into kynerenine and plays a role in O 2 radical scavenging. 26) It has been previously reported that IFN-g 27, 28) is the IFN specie that induces IDO to improve cell viability, and that the activation of IDO through IFN-g may include participation of IRF-1, dsRNA, and PKR. 29) However, IFN-g gene mRNA expression could not be observed in IV-infected HCF.
Hence, we conclude that the induction of PKR, 2-5 OAS and IDO is regulated by IFN-b production as described in Fig. 8 , and that these gene expressions may have any role for the protective mechanism in viral infected HCF cells. It is also possible to be considered that the apoptosis induction through IFN-b production in HCF cells by IV infection may be involved in the anti-viral defense mechanism regulated by IFN-b including IDO and 2-5 OAS expressions and the inflammatory cytokines expression such as TNFa, IL-1b and/or IL-6.
It has been reported that Fas antigen (APO-1, CD95) is a 45 kDa glycosylated type I transmembrane receptor 30, 31) and Fas antigen associated with Fas ligand participates in the induction of HIV-1 infected CD4 ϩ T cell apoptosis and IV-A infected HeLa cell apoptosis, 32, 33) and that TNFa, an inflam-matory cytokine, has apoptotic inducibility by binding to TNFa receptors. 34) We obtained subsequent results that IVinduced apoptosis was still successful with a monoclonal antibody against Fas-antigen, and that a quantitative alteration of Fas antigen in IV-infected cells was revealed but the alteration was almost the same level as that in mock-infected cells (data not shown). While the TNFa protein level increased after infection in HCF cells more than that in mock treated cells, an anti-TNFa antibody also did not inhibit the apoptosis induction. However, each monoclonal antibody against Fas and TNFa used in this experiment is only one kind, so that we hardly establish that the Fas/Fas L interaction as well as TNFa, "death ligand-death receptor system", may not directory participate in the induction of IV-infected HCF cell apoptosis.
Furthermore, we showed that the synthetic double stranded RNA (poly I : C) induced apoptosis in HCF cells accompanying the same phenomena observed in the IV-infected HCF cells, the increase of expressions of IFN-b, PKR, IDO and 2-5 OAS gene mRNAs, and INF-b protein. These results may support our estimated mechanism ( Fig. 8 ) for the apoptosis induction in IV-infected HCF.
We have already reported that influenza virus type A infection induces apoptosis in primary cultured chorion trophoblast cells prepared from human fetal membrane. 1) While various kinds of inflammatory cytokines were expressed in response to IV infection in chorion trophoblast cells, the production of these cytokines was not directly related to the induction of apoptosis but viral macromolecular synthesis may be related to the apoptotic induction. 2) It may be the cause of incomplete inhibition of HCF-apoptosis with anti-IFN-b antibody (shown in Fig. 4 ) that the apoptosis inducing agents may be not only IFN-b but also other factors in HCF cells. We also suggested in our previous paper that these cytokines production was related to the anti-viral defense system in fetal membrane and also in the maternal body, through the immune response induction followed by macrophage phagocytosis and/or inflammatory response. It has been also proposed that the IFN-b followed by the induction of IRF-1, IDO, 2-5 OAS and PKR in viral infected cells involve the host anti-viral defense system. 35) In conclusion, we suggest that the IFN-b expression plays a central role in the HCF cell apoptosis induction, and that this apoptosis may be an important member of the host defense mechanism against influenza virus infection together with the expression of the IFN-b relating factors (IRF-1, IDO and 2-5 OAS) and inflammatory cytokines. Hence, the defense system in the maternal body for IV infection containing the apoptosis induction and immune system may be operated together with fetal membrane cells anti-viral machinery. Vol. 27, No. 11 
